Abstract: Acryl amide grafted Poly(ethylene terephthalate) (AAm-g-PET) fiber was used for covalent coupling of α-amylase. The amide groups of Poly(acryl amide) were converted to the amine groups by Hofmann degradation reaction. The amine groups were activated by glutaraldehyde, before coupling of the enzyme. The free α-amylase and immobilized α-amylase were characterized by determining the activity profile as function of pH, temperature, thermal stability and storage stability. For the immobilized α-amylase, operational stability was also determined. The immobilization of α-amylase on support caused the optimal reaction pH to shift from 5 to 6. The maximum activity of the free and immobilized enzymes occurred at 50 0 C. K m for the immobilized system was higher than that for the free enzyme. The activity of the free enzyme ended in 30 days, whereas the activity of the immobilized enzyme lasted for 60 days at storage conditions. α-Amylase immobilized on matrix maintained 40% of its original activity after 30 times of repeated use.
Introduction
α-Amylase is a kind of starch-hydrolyzed enzyme. It is an endo-enzyme that can cut α-1,4 glucosidic linkage of starch molecules randomly to form oligo with different molecular weight such as glucose, cane sugar and straight chain oligo, rapidly reducing the viscosity of liquid and has been used in big volume starch hydrolysis industry [1] .
Since the recovery and reuse of free enzymes are limited, enzyme immobilization has been proposed. Immobilized enzymes have the advantages that they can be used in batch and continuous process and can be removed easily from the reaction medium, and can facilitate controlled production [2] . Various methods have been used for immobilization of enzymes, such as adsorption [3] , entrapment [4] , covalent attachment [5] and encapsulation [6] . Support material, which plays an important role in the utility of an immobilized enzyme, should be readily available and non-toxic, and also should provide a large surface area suitable for enzyme reaction, and substrate and product transport with the least-diffusional restriction. Different support materials like silica [7] , poly(AAm-HEMA) [8] , chitosan beads [9] , DEAE-cellulose [10] have been employed for the immobilization of enzymes.
Poly(ethylene terephthalate) (PET) fiber is one of the most important synthetic fibers used in the textile industry and was widely utilized in previous research [11] [12] [13] [14] [15] . PET fibers have good resistance to weak mineral acids, most strong acids, oxidizing agents, sunlight and micro organisms. However, it is hydrophobic in nature and do not contain chemically reactive groups. Certain desirable functional groups can be imparted to PET fiber by grafting with different monomers [15] .
In this study, acryl amide grafted Poly(ethylene terephthalate) (AAm-g-PET) fiber has been used as the support material for immobilization of the α-amylase. Investigation of the conditions for enzyme immobilization on the AAm-g-PET and determination of catalytic properties of the free and immobilized enzymes are also among the aims of the present study.
Results and Discussion
The grafting mechanism of AAm-g-PET has been described and characterized by Coskun and Soykan [16] . The structures of AAm-g-PET are illustrated in Scheme 1. The conversion of amide into amine groups by Hofmann degradation reaction proceeds via the following steps. The important parameters are NaOCl concentration, NaOH concentration and reaction time for Hofmann reaction [17] .
(1)
irstly, the effect of the concentration of NaOCl, which was varied from 1x10 -3 to
-2 M, was investigated in the presence of 0.2 M NaOH. As shown in Figure 1 , the most suitable concentration of NaOCl for conversion has been found 5x10 -3 M. The amount of maltose represents the proportion of converted amine because the production of maltose depends on the amount of immobilized enzyme. The chlorination of the amide groups is difficult at low concentration of NaOCl. In addition, the main chain of Poly(AAm) is cleaved readily at random at high NaOCl concentration [17] . 
F
Secondly, the effect of the concentration of NaOH, which was varied from 0.1 to 0.4 M, was inv -3 estigated in the presence of 5x10 M NaOCl. As shown in Figure 2 , in Figure 3 , the amount of converted amine the amount of maltose (converted amine groups) increased as the NaOH concentration increased. With more than 0.25 M of NaOH concentration, the amount of maltose did not significantly change.
Hofmann reaction time was also investigated. For this purpose, the reaction time was varied from 10 to 75 minutes. As shown groups increased also with longer reaction time until the maximum amount was achieved at 30 minutes and beyond that point it almost remained unchanged. 
Effect of pH on activity
The behaviour of an microenvironment. An e of the same enzyme immobilized on a solid matrix, depending on the surface and residual charges on the solid matrix and the pH value in the immediate vicinity of the active site. A change in the optimum pH normally accompanies the immobilization of the enzymes, depending upon the polymer used as matrix. Since the enzyme activity is ivity he activity of immobilized and free enzymes was arch solutions (10 mg/mL) at temperatures ranging markedly influenced by environmental conditions, especially pH the change in behaviour caused by enzyme immobilization is useful for understanding the structure-function relationships of enzyme. Therefore, it is very useful to compare the activity of soluble and immobilized enzyme as a function of pH [18] . The activity of immobilized and free α-amylases was studied as a function of pH values (4-9) and the activity was measured under the standard assay conditions (Figure 4 ). Optimal pH values for immobilized and free enzymes are 6 and 5 respectively. Immobilization changed pH profile of enzyme. The reason for this difference is explained by the non uniform distribution of hydrogen ions between the microenvironment of AAm-g-PET and the bulk solutions [19] .
Effect of temperature on act
The effect of temperature on t determined by incubation with st from 20 to 80 0 C. The effect of temperature on activity of immobilized and free enzymes can be seen in Figure 5 . The relative activities of the immobilized and free enzymes increased with the rise in temperature until 50 0 C. The maximum activity was obtained at this temperature for both immobilized and free enzymes. However, El Batal et al have reported that the temperature optima of immobilized α-amylase activity shifted towards higher temperature from 40 to 50 0 C [4] . A similar increase in temperature optima had been observed in α-amylase [10] and β-amylase [9] . The activity was decreased beyond that temperature due to thermal inactivation. It has been recognized that the immobilized enzyme is more stable at high temperatures than the free enzyme. From the time course of thermal inactivation of the enzyme at 80 0 C, the free enzyme retained only 18%, whereas AAm-g-PET-α-amylase retained 38% of their original activity. 5 . Effect of temperature on activity of (▲)free α-amylase, (•)immobilized α-amylase (Incubation time=10 min., starch concentration=10 mg/mL).
in a covalently ound system, is more resistant against heat and denaturing agent than the soluble form [4] .
It is well-known that the activity of immobilized enzymes, especially b
Kinetics parameters
Kinetic parameters of the immobilized and free enzymes were determined by using starch solutions for d Michaelis-Menten co ifferent concentration in the range of 5-50 mg/mL at 20 0 C. The nstants K m and V max were calculated by Lineweaver-Burk plot ( Figure 6 ).
Where V is the reaction rate; S is the substrate concentration; V max is the maximum reaction rate; and Table 1 . The K m valu K m is the kinetic constant. The values of K m and V max are given in e of the immobilized α-amylase was almost five times as big as the K m value of the free α-amylase. Moreover the V max value of the immobilized α-amylase showed a greater increase than the V max value of the free α-amylase. These changes were ascribed to different factors [19] such as the immobilization methods, the variations in protein conformation, the electrostatic interaction between support material and substrate, the steric hindrance and diffusional effects. As is well known, there is a correlation between the residual activity and the value obtained for the K m of an enzyme, a low residual activity corresponding to an increase in the value of K m , which suggests that the loss of activity during chemical modification is due to steric hindrance of the catalytic site of the enzyme. This steric hindrance leads to problem in the transport of substrate to the active site. Also, a potential problem is that enzymes can become attached to the support via the amino groups of the active centre. This increase of K m for the immobilized samples is expected because of blocking of the active sites of enzyme due to chemical cross-linking and diffusional limitations [18] . Figure 7 . As can be seen in the mal stability F s relative activity a figure, the thermal stability of the immobilized enzyme was better than that of the free enzyme. The immobilized enzyme protected the 47% of the initial activity at 45 0 C at the end of the 300 minutes. However, the free enzyme protected the 21% of the initial activity at 45 0 C at the end of the 300 minutes. The conformational flexibility of the enzyme is affected by immobilization. Generally, thermal stability increases because of the reduction of conformational flexibility in immobilized enzyme. The immobilization of enzyme causes an increase in enzyme rigidity, which is commonly reflected by an increase in stability towards denaturation by raising the temperature [1] . 
Reusability of immobilized enzyme
s recovery and reuse to make an economically feasible process [20] . Immobilized om reaction medium and reused. Thus reusability
The use of a relatively expensive catalyst as an enzyme requires, in many instances, it enzymes can be easily separated fr of the immobilized enzyme was assessed. For this aim, immobilized enzyme was incubated with starch solution (10 mg/mL) and thirty reuses were applied. The procedure was carried out ten times in a day and the next ten runs were made one day later, and so on. The changes of activity of immobilized enzyme after recycling uses can be seen in Figure 8 . The 40 percent of initial activity of immobilized enzyme was protected at the end of the thirty reuses. It has been reported that reusuability of immobilized α-amylase in range of ten to fifteen but most of them intensified around ten [1, 5, 6, 21] . Thus AAm-g-PET is an alternative material for enzyme immobilization. 
torage stability S
One of the most storage stability. Immobilized and free enzymes were stored in buffer solutions (pH=7) at +4 0 C. Enzyme activity was tested at different times and obtained results were given as relative activity in Figure 9 . The immobilized enzyme exhibited good performance throughout 60 days. The activity of the immobilized enzyme approximately showed no change, whereas the free enzyme lost all its activity within 30 days. . Storage stability of (▲) free α-amylase, (•) immobilized α-amylase.
our main he usefulness of carriers for enzyme immobilization is characterised by f T parameters: the amount of bound protein, enzyme activity and specific activity of bound protein and storage stability [22] . Parameters of the immobilized and the free enzymes are given in Table 2 . ichloroethane for 2 h at 90 0 C; ibers was removed by blotting between a filter paper [15] . As kun and Soykan [16] , acrylamide was grafted onto PET fibers by T m was successfu process consis amide groups to amine groups, glutaraldehyde activation and α-amylase coupling. The pH profile of enzyme was changed by immobilization. The maximum activity was obtained at the same temperature for both immobilized and free enzymes. The Michaelis-Menten constant (K m ) was considerably raised but maximum velocity (V max ) was nearly unchanged by immobilization. Repeated use of the immobilized enzyme is possible. It was found that the immobilized enzyme could be reused as many as thirty times. The immobilized enzyme exhibited better thermal and storage stability than the free enzyme. Thus the material should be addressed to use in the industrial processes.
Materials and Methods

M
The poly(ethylene terap provided b 3.2.1.1), a (DNS) and Folin-Ciocalteu's phenol reagent were purchased Fluka. Acrylamide, sodium hydroxide, soluble starch and benzoyl peroxide were purchased Merck.
Apparatus
harmacia Biotech Ultraspec 2000 model uv-visible spectrophotometer was use P the determ performed w
Grafting method
fter fiber samples (0.30±0.01 g) were swelled in d A solvent on the f described by Cos using benzoyl peroxide as an initiator. Swelled PET fibers were placed in 100 mL polymerization tube in addition to appropriate amount of acrylamide monomer dissolved in 18 mL aqueous; and Bz 2 O 2 dissolved in 2 mL acetone at suitable concentration was added. The polymerization tube was placed into the water bath at 85±1 0 C. The fiber samples taken at the end of the 2 h of polymerization were removed from homopolymer by washing with water at 50 0 C for 5 h. The washing water was changed five times. The fiber was dried at 50 0 C and weighed. The graft yield (GY) was calculated from the weight increase in grafted fiber as follows:
W i and W g denote the weights of the original and grafted PET fiber, respectively. he optimum conditions, such as concentration of NaOCl, NaOH and reaction time re determined [17] . The AAm-grafted PET fiber (40% ctivated PET fiber was contacted with 5 mL of α-amylase solution (2mg/mL) in 50 at 100 rpm for 18 h. The PET fiber was washed with nzyme activity was determined by using soluble starch. An appropriate amount of lved by boiling in 50 mL buffer solution. After 4 mL of starch solution
Modification of grafted PET
T for Hofmann degradation we grafted PET fiber) (0.03 g) was immersed in 15 mL of suitable concentration of NaOCl and NaOH aqueous solution at 20 0 C for 20 minutes. In addition, the effect of contact time was investigated at time intervals from 10 to 75 minutes. After continuous shaking for given period of time, the fiber was removed from the mixture and washed with 10 mL of deionized water four times. The PET fiber was contacted by 5 mL of 2% glutaraldehyde solution (pH=7) at 100 rpm for 18 h [23] . Activated fiber was washed with 10 mL of deionized water four times to remove the unreacted glutaraldehyde. Optimum conditions were defined for maximum amount of produced maltose. The subsequent experiments were carried out at above determined conditions.
Immobilization of the enzyme
A mM phosphate buffer (pH=7) phosphate buffer solution four times. Immobilized enzyme was stored in phosphate buffer solution at 4 0 C. The amount of the immobilized enzyme was calculated from the difference of the concentration of protein before and after immobilization. Protein concentration was determined by Lowry's method [24] .
Enzyme activity E starch was disso had been incubated with 0.1 mL free enzyme (0.4 mg/mL in 25 mM phosphate buffer at pH=7) or with 0.03 g immobilized enzyme on PET fiber at 100 rpm for 10 minutes, 0.15 mL of the solution was taken, and immediately added into 0.6 mL of DNS reagent. Concentration of reducing sugar was determined by dinitrosalicylic acid method [25] . The mixture was heated for 5 minutes in boiling water. After addition of 3 mL of deionized water, the optical density of the solution containing the brown reduction product was determined spectrophotometrically and a blank was prepared in the same manner without enzyme. The absorbance was measured at 540 nm with the maltose as the standard. One unit (U) of amylase activity was defined as the amount of amylase forming 1 mg of maltose at one minute under the assay conditions. Specific activity was defined as amylase activity per mg of protein. The relative activity was calculated as follows: 
